Different kinds of adaptive opportunities are selected in bedrooms, such as air conditioning and natural ventilation; however, the thermal environment created by these measures is not necessarily good for sleep. In this research, a field survey was carried out to investigate the effect of the total thermal environment and its variation on sleep. First, we investigated the effect of airflow and found that an increase in air turbulence causes an increase in the duration of wakefulness. Next, we adjusted the comfort equation for sleep and calculated the thermal load on the body and its variation. We found that both negative and positive increase in the heat load on the body causes an increase in the probability of awakening. An increase in its variation also resulted in an increase in the probability of awakening. We concluded that when planning a pleasant thermal environment for sleep, it is important to consider the total thermal environment and to take into account the effect of its variation as potential cause of sleep disruption. 
Haskel et al [-] Ken UNNO * , Emika MIYAKE ** , Shin-ichi TANABE *** Recently, sleep disorder has been becoming a serious health problem. Out of the many factors affecting sleep disorder, thermal environment is one of the strongest. Thermoregulation deteriorates during the REM stage of sleep, causing a decline in the amount of REM sleep when outside the range of thermal neutrality. A reduced amount of REM sleep results in reduced work efficiency during the day. In Japan, most people sleep with an air conditioner, fan, or natural ventilation during the summer season. However, the thermal environment created by these measures is not necessarily good for sleep. Many studies have examined only the impact of temperature and humidity on good sleep; very few studies have focused on the effect of the total thermal environment, which includes the factors of air temperature, relative humidity, air velocity, mean radiant temperature, metabolic rate and total insulation value in its calculations. In this study, a field survey was carried out to investigate the thermal environment in bedrooms. The effect of air turbulence on sleep was first investigated as a representative thermal stimulus. Next, in order to take into account all six factor of thermal environment, the thermal load on the body and its variation were calculated and their effects on sleep were evaluated.
The field survey was carried out in September and October 2013 in 16 bedrooms of 16 different residences. Air temperature, relative humidity, globe temperature, and air velocity were measured continuously during the sleep sessions for five consecutive nights. Subjects provided information about the types of blankets used and their impression of the thermal environment and sleep quality in questionnaires administered before and after the sleep session. In addition, all subjects wore an Actiwatch to calculate the duration of wakefulness and sleep efficiency.
The average air velocity during the night had no significant impact on sleep quality; however, an increase in air turbulence caused an increase in the duration of wakefulness. To further evaluate the effects of the variation in air velocity and to take into account the other factors of thermal environment, the thermal load on the body was calculated. We altered several conditions of the comfort equation for sleep and used the adjusted equation for our analysis. Only the data that satisfied the condition of air velocity below 0.1 m/s were used, since the total insulation values were calculated under still air. In addition, to include the effect of body movement during sleep, we developed a correcting coefficient for the total insulation value. After applying this correcting coefficient, the relationship between the heat load on the body and the probability of awakening was evaluated. We found that both negative and positive increase in the heat load on the body causes an increase in the probability of awakening. An increase in the variation of the heat load on the body also resulted in an increase in the probability of awakening.
We conclude that it is important to evaluate the effect of the total thermal environment and to take into account the effect of its variation when planning a pleasant thermal environment for sleep. In future studies, it is necessary to consider local heat stimulation and air drafts as potential causes of sleep disruption. 
